1. Introduction
===============

Esophageal cancer (EC) is one of the most fatal types of cancer wordwide, with 455,800 new cases and 400,200 deaths in 2012.^\[[@R1],[@R2]\]^ Esophageal squamous cell carcinoma (ESCC) is the predominant type in China, in contrast to the predominance of esophageal adenocarcinoma in the western countries, which covers more than 90% of all EC cases.^\[[@R3],[@R4]\]^ Surgery remains the treatment of choice for localized cancer; however, the prognosis is still poor.^\[[@R5]\]^

In recent years, inflammation plays a key role in the prognosis of cancer.^\[[@R6],[@R7]\]^ Previous studies have shown that a number of inflammatory biomarkers, such as c-reactive protein (CRP), neutrophil to lymphocyte ratio (NLR), and platelet to lymphocyte ratio (PLR), were associated with prognosis in several types of cancer, including EC.^\[[@R8]--[@R12]\]^ Recently, the systemic immune-inflammation index (SII) is a useful prognostic indicator for patients with small cell lung cancer and hepatocellular carcinoma.^\[[@R13],[@R14]\]^ To the best of our knowledge, however, no studies regarding SII in patients with EC are available. In this study, therefore, we aimed to determine the prognostic value of SII in patients with resectable ESCC.

2. Materials and methods
========================

A total of 298 patients with resectable ESCC were included in the current retrospective study from Jan 2005 to Dec 2008. The eligibility criteria were included: (1) ESCC diagnosed by histopathology; (2) curative surgery for localized disease (stage I--III); (3) without neoadjuvant treatment; (4) without any form of acute and/or chronic inflammatory disease; and (5) preoperative serum laboratory examination were obtained before surgery within 1 week. Patients who had received neoadjuvant therapy were excluded in the current study. The current study was approved by the Ethics Committees of Zhejiang Cancer Hospital.

Data on the preoperative laboratory examination were extracted in our medical records. The counts for neutrophil, lymphocyte, and platelet were taken within 1 week prior to surgery. The SII was defined as follows: SII = neutrophil × platelet/lymphocyte. In the current study, a cancer-specific survival (CSS) analysis was ascertained.^\[[@R13],[@R14]\]^ The last follow-up was June 2013. All patients in this study were staged according to the 7th edition Cancer Staging.^\[[@R15]\]^

2.1. Statistical analysis
-------------------------

Statistical analyses were conducted with SPSS 17.0 (SPSS Inc., Chicago, IL) and R 3.2.3 software (Institute for Statistics and Mathematics, Vienna, Austria). A web-based R software (Cutoff Finder) was used to determine the optimal cut-off value for SII. Cutoff Finder is a freely available web application that can be accessed using an arbitrary web browser (<http://molpath.charite.de/cutoff>).^\[[@R16]\]^ Kaplan--Meier methods were used to estimate CSS. Univariate and multivariate analyses were used to evaluate the prognostic factors. A nomogram model was also established and the predictive accuracy was evaluated by Harrell\'s concordance index (c-index).^\[[@R17]\]^ In the current study, *P* \< 0.05 was considered statistically significant.

3. Results
==========

Of the total number of patients, 38 (12.8%) were women and 260 (87.2%) were men. The mean values for neutrophil, platelet, lymphocyte, and SII were 4.54 ± 1.92 (×10^9^/L), 225 ± 74 (×10^9^/L) and 750 ± 482 (×10^9^/L), respectively. Additionally, correlation analyses showed that SII was negatively correlated with lymphocyte (*r* = --0.362, *P* \< 0.001) and positively correlated with neutrophil (*r* = 0.620, *P* \< 0.001) and platelet (*r* = 0.607, *P* \< 0.001) (Fig. [1](#F1){ref-type="fig"}).

![Pearson correlation. SII was negatively correlated with lymphocyte (*r* = --0.362, *P* \< 0.001; A) and positively correlated with neutrophil (*r* = 0.620, *P* \< 0.001; B) and platelet (*r* = 0.607, *P* \< 0.001; C). SII = immune-inflammation index.](medi-96-e5886-g001){#F1}

The optimal cut-off value for SII was 410 (×10^9^/L) according to the Cutoff Finder (Fig. [2](#F2){ref-type="fig"}). Patients then were divided into 2 groups using the SII cut-off of 410 (×10^9^/L). There were 81 (27.2%) patients with SII ≤ 410 (×10^9^/L) and 217 (72.8%) patients with SII \> 410 (×10^9^/L). The relationships between SII and clinical characteristics were shown in Table [1](#T1){ref-type="table"}. In the current study, the SII was significantly associated with tumor length (*P* = 0.006), TNM stage (*P* = 0.012), NLR (*P* \< 0.001), PLR (*P* \< 0.001), and CRP (*P* \< 0.001).

![Cutoff Finder for optimal cut-off value of SII. The vertical line designates the optimal cut-off point with the most significant (log-rank test) split. The plots were generated using the biostatistical tool Cutoff Finder. The cut-off value was 410 with a sensitivity of 73.6% and a specificity of 47.1%. SII = immune-inflammation index.](medi-96-e5886-g002){#F2}

###### 

The relationship between SII and clinical characteristics in ESCC patients.
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Patients with SII ≤ 410 (×10^9^/L) had a significantly better 5-year CSS than patients with SII \> 410 (×10^9^/L) (51.9% vs 24.0%, *P* \< 0.001) (Fig. [3](#F3){ref-type="fig"}A). In subgroup analyses, we revealed that SII was also significantly associated with CSS based on the TNM stage (Fig. [3](#F3){ref-type="fig"}B--D). The subgroup analyses based on SII for CSS were shown in Table [2](#T2){ref-type="table"}. In multivariate analyses, SII was an independent prognostic factor in patients with resectable ESCC (*P* = 0.027). However, NLR (*P* = 0.661) or PLR (*P* = 0.064) were not significant independent predictors for CSS (Table [3](#T3){ref-type="table"}). In the current study, we used the CRP, a well-known inflammatory indicator, in multivariate analyses. Our result revealed that CRP was still an independent prognostic factor in patients with ESCC (*P* \< 0.001).

![Kaplan--Meier CSS curves stratified by SII. Patients with SII ≤ 410 (×10^9^/L) had a significantly better 5-year CSS than patients with SII \> 410 (×10^9^/L) (51.9% vs 24.0%, *P* \< 0.001; A). The predictive value of SII was significant in patients based on the TNM stage (I stage: 61.8% vs 35.0%, *P* = 0.005; B), (II stage: 48.3% vs 27.1%, *P* = 0.028; C), and (III stage: 38.9% vs 17.8%, *P* = 0.045; D). CSS = cancer-specific survival, SII = immune-inflammation index, TNM = tumor node metastasis.](medi-96-e5886-g004){#F3}

###### 

Subgroup analysis for CSS.
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Univariate and multivariate analyses of CSS in ESCC patients.
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To predict the risk for patients with ESCC, a novel nomogram model was established by SII, CRP, and TNM stage combined with age and sex (Fig. [4](#F4){ref-type="fig"}). It can predict the probability of death for patients with ESCC. In the current study, Harrell\'s c-index for CSS prediction was 0.68.

![Nomogram model for death risk prediction. Harrell\'s c-index for CSS prediction was 0.68. CSS = cancer-specific survival.](medi-96-e5886-g007){#F4}

4. Discussion
=============

To the best of our knowledge, this is the first report to demonstrate the prognostic role of SII in patients with resectable ESCC. In this study, we revealed that SII was an independent significant predictive factor (*P* = 0.027). We performed a Cutoff Finder based on R software to verify to optimal cut-off value and conclude that 410 (×10^9^/L) may be the optimal cut-off value for SII in predicting CSS in patients with resectable ESCC. In addition, the current study was also the first attempt to establish a predictive nomogram model to improve predictive accuracy based on SII.

There is strong linkage between cancer and inflammation. In our study, we analyzed the prognostic role of SII in ESCC patients without neoadjuvant treatment mainly because neoadjuvant therapy (chemotherapy and/or radiation) will have an important impact on the inflammation. Previous studies have shown that NLR and PLR were independent predictors of survival in various cancers, including EC.^\[[@R8]--[@R12]\]^ However, due to the inconsistent results, the prognostic values of NLR and PLR in EC remain controversial.^\[[@R18]--[@R20]\]^ Recently, we conducted a meta-analysis revealed that high levels of NLR were significantly correlated with poor survival in patients with EC.^\[[@R21]\]^ In the current study, we revealed that preoperative NLR and PLR were all significantly associated with CSS. However, we demonstrated that PLR, but not NLR, was an independent prognostic factor in patients with resectable ESCC.

SII was initially performed to indicate the host inflammatory status in patients with resectable hepatocellular carcinoma.^\[[@R13]\]^ They concluded that SII was a powerful prognostic indicator in patients with hepatocellular carcinoma. Then, another study confirmed that SII was superior to NLR and PLR as an independent factor for patients with small cell lung cancer.^\[[@R14]\]^ In the current study, we revealed that SII was a significant predictive indicator in patients with resectable ESCC (*P* = 0.027). However, NLR (*P* = 0.661) or PLR (*P* = 0.064) were not significant independent predictors for CSS. Moreover, we used a Cutoff Finder based on R software to verify the optimal cut-off value, which was 410 (×10^9^/L) compared to 330 (×10^9^/L) and 1600 (×10^9^/L) in previous studies.^\[[@R13],[@R14]\]^

It is well know that nomogram could establish a simple graphic representation of a statistical predictive model.^\[[@R22]\]^ In the current study, therefore, we attempt to establish a predictive nomogram model to predict the probability of the death risk for resectable ESCC patients based on SII, CRP, and TNM stage combined with age and sex. The nomogram performed well in predicting CSS by the c-index (0.68).

Several limitations should be acknowledged. First, the current study was a retrospective design with a small size population. Second, we excluded patients who had neoadjuvant chemotherapy and/or radiotherapy, which may have influenced our results. In addition, our study revealed that SII is an independent predictive factor in patients with ESCC; however, it should be kept in mind that the sensitivity and specificity looks like not very high. Moreover, the c-index showed that the nomogram model has a good accuracy but it is not perfect indicating that there is still room for improvement. Therefore, further studies are needed to illuminate the relationship between SII and prognosis in patients with resectable ESCC.

5. Conclusion
=============

In summary, our study showed that SII is still a useful prognostic indicator for patients with resectable ESCC. We conclude that 410 (×10^9^/L) may be the optimal cut-off value for SII.

Abbreviations: CI = confidence interval, CSS = cancer-specific survival, EAC = esophageal adenocarcinoma, EC = esophageal cancer, ESCC = esophageal squamous cell carcinoma, HR = hazard ratio, NLR = neutrophil to lymphocyte ratio, PLR = platelet to lymphocyte ratio, SII = immune-inflammation index, TNM = tumor node metastasis.
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